Introduction
Dark energy, which presently constitutes about 73 % of the energy density of the universe [1] , is generally assumed to be in the form of quantum vacuum energy.
However, there is the well-known 120 orders of magnitude discrepancy between prediction and observation of vacuum energy density [2] .
Dark energy density that is constant and uniform is parametrized by the cosmological constant [3] . The cosmological constant was originally proposed by Einstein, incorporating it in the field equations of general relativity to construct a static model of the universe [4] . However, it was subsequently realized that a static universe is physically unstable, and with Hubble's observation of an expanding universe [5] the purpose of introducing the cosmological constant also became redundant. When evidence emerged in 1998 that the expansion of the universe is accelerating [6, 7] , however, the cosmological constant was resurrected, since the presence of a positive cosmological constant does eventually cause the universe to expand acceleratingly [8] .
Since the cosmological constant was proposed out of general relativity, investigating the possible general relativistic roots of dark energy may be fruitful.
Premise
Newton stated that the motion of two cord-connected revolving inertial masses has to be locally ascertained by observing the relative motion of the two objects and the tension of the cord; their motion cannot be uniquely ascertained by referencing them to the background space of fixed stars [9] .
Ernst Mach contested the Newtonian notion of primacy of local description of the motion of inertial mass. Mach analyzed how the acceleration of centre of gravity 3 of two approaching gravitational masses, and the "mean acceleration" of the masses with respect to the other (gravitational) masses in the Universe, remains zero; similarly, the uniform motion of an inertial mass is equivalent to its zero "mean acceleration" with respect to other (inertial) masses in the universe [10] . Thus the description of motion of both inertial mass and its equivalent gravitational mass of an object is kinematically universalized with respect to other (inertial-gravitational) masses in the Universe.
Kinematic universalization of the motion of gravitational-inertial mass was proposed for a static Universe. For an expanding Universe, however, it becomes necessary to consider dynamic universalization of the motion of gravitational-inertial masses as well.
The gravitational force between gravitational masses is responsible for the earlier decelerating expansion of the Universe. Thus the motion of gravitational masses may be considered to be dynamically universalized by the gravitational force.
The Universe is now expanding acceleratingly, due to the presence of a universal antigravitational force -a.k.a., dark energy -that is also interacting between masses [11] .
Thus the motion of masses is dynamically universalized by the anti-gravitational force as well. Given the equivalence of gravitational and inertial mass of objects, and the presence of gravitational and anti-gravitational forces, it may be investigated if the anti-gravitational force can in fact dynamically universalize the inertial mass of objects.
Proposition: dark energy
If an object were static or uniformly moving, inertial mass arises in the object in resistance to an applied local force; the object also feels another force, the resistant 4 force which arises due to the application of the local force and which is identified as inertial force, and which is opposite to the direction of motion of the object, and equal in magnitude to the applied local force. This inertial force is proportional to the inertial mass of the object. Now if the inertial mass of an object is to be dynamically universalized -we may refer to such an inertial mass as universal inertial mass, the inertial force on the universal inertial mass object would then have to be generated by a universal force acting on the object. Situating the object three dimensionally, we take the direction of the inertial force as converging with equal magnitude toward the centre of mass of the object, and the inertial force is generated by the universal force, which would of course be of equal magnitude to the inertial force, and would diverge with equal magnitude from the centre of mass of the object. Since there would be no work done by the inertial force which converges with equal magnitude on the object, we may call it the passive force. On the other hand, when the diverging propagating force acts on another object, it can do work -in repelling the other object, as well as, by Newton's third law, in recoiling/repelling the object from which the force is emanating; since the other object also emanates its diverging force it also repels and recoils -we may call this diverging force between both objects the active force.
The active, propagating universal force being magnitudinally indistinguishable to the passive inertial force, even as it is opposite in direction, shall, for practical significance and convenience, be hereafter referred to as universal inertial force -though of course it is understood it is the generating force of the inertial force and not the inertial force itself.
The direction of the gravitational force of an object being convergent toward the centre of gravity of the object it would be opposite to the direction of the universal 5 inertial force of the object. When we consider two receding objects, the direction of their gravitational force would be toward their common centre of gravity, and the magnitude of the gravitational force decreases from a maximal to the infinitesimal with increasing distance. Conversely, when we consider two objects approaching each other from infinity in the direction of their centre of gravity, which is also in the direction of their gravitational force, the magnitude of the gravitational force would have been infinitesimal and would increase toward some maximal value with decreasing distance. The repulsive universal inertial force between two receding objects is opposite to the direction of the common centre of mass of the objects. If we propose directional equivalence with gravitational force, the universal inertial force whose direction is away from the centre of mass and which is also in the direction of recession of the objects, would have minimal magnitude when the objects were closer and increase toward infinite magnitude with increasing distance.
Since gravitational force tends towards the infinitesimal in the increasing distance between two masses, the gravitational force between smaller masses would be nearer to infinitesimal than that of larger masses; given that the universal inertial force tends towards the minimal lesser the distance between the two masses, it implies that its magnitude for smaller masses should therefore also be closer to the minimal than for larger masses. Thus, the magnitude of the universal inertial force should be smaller between smaller masses and/or lesser distance, and larger between larger masses and/or greater distance.
The dimensionless ratio of universal inertial force to gravitational force between any two masses at unit distance may be called the gravi-inertial constant.
Along with directional equivalence there can also be magnitudinal equivalence between the universal inertial force and gravitational force. In an expanding spherical 6 distribution of matter, gravitational force on an object decreases in proportion to distance because of decreasing mass density as in 4 
2.
In an expanding spherical distribution of matter, its gravitational force and universal inertial force on an object at the surface of the sphere will equalize at a certain radial distance -which may be called the gravi-inertial radius; the surface of the sphere traced out by the gravi-inertial radius, where the gravitational force on the 7 object cancels out the universal inertial force on the object and whereby the gravitational mass of the object is rendered gravitationally momentarily field free (as well as the inertial mass of the object is rendered momentarily field free of the universal inertial force), may be called the gravi-inertial surface. There could be celestial systems which are naturally constituted such that the gravi-inertial radius is the extent of their equilibrium volume -we may call such a system a gravi-inertial system.
It has been observed that in our Local Group, beyond a radius of ~ 1 Mpc from the centre, galaxies are receding following a linear velocity-distance relation. The interpretation that has been offered is that ~ 1 Mpc represents the "zero-gravity radius" to a "zero-gravity surface", at which the gravitational force of a spherical distribution of matter and the repulsive force of dark energy -considered as constant density background vacuum energy -balance each other. Beyond that distance, galaxies (all of them are dwarfs) recede as they are gravitationally unbound to the system [12] .
According to the present proposition, the Local Group up to a radius of ~ 1
Mpc actually represents a gravi-inertial system, and the "zero-gravity radius"
represents the gravi-inertial radius, and the "zero-gravity surface" represents the gravi-inertial surface.
Since in the present proposition universal inertial energy as dark energy is associated with the universal inertial mass of objects, the amount of mass in a graviinertial system should be systemic (assuming the systemic universal inertial energy density is more than the ambient universal inertial energy density) -in contrast to the paradigm of vacuum energy as dark energy, where the amount of mass within a "zero 8 gravity radius" would be independently determined by the constant density background vacuum energy.
Discussion
In the general relativistic cosmological constant fluid model, we have 2 p c w
2 p c is the spatially homogenous negative pressure of dark energy, which does no work, and −ρ is dark energy density, which does work anti-gravitationally.
This anti-gravitational force, described by the cosmological constant, interacts between two objects and increases in proportion to the distance between the objects [13] . It is proposed here that universal inertial force is this anti-gravitational force.
The universal inertial force originates in inertial force which converges with equal magnitude on the centre of mass of a universal inertial mass object, and which therefore does no work and is a passive force. This passive inertial force, when cast as pressure, may be identified with the negative pressure of dark energy, 2 p c . This converging inertial force on the universal inertial mass object is equal and opposite to the force that generates the inertial force: the diverging force from the universal inertial mass object; the diverging force is called universal inertial force for convenience; it acts on other universal inertial mass objects as well as reacts on the emanating universal inertial mass object, and therefore does work and is an active repulsive force. This active repulsive universal inertial force, when cast as energy, may be identified with dark energy density, −ρ .
Proposition: dark matter
Inertial mass arises in an object at rest or uniform motion in resistance to an applied force. On the other hand the object possesses equivalent gravitational mass by virtue of the existence of the object itself. . Therefore, it is not compulsory that for an object to exist as a gravitational mass it must also be subjectable to a force that induces inertial mass of the object -the object may exist in and of itself, as a gravitational mass. Thus objects may be classified into two 'modes of mass':
1. Objects that possess both gravitational mass, as well as its equivalent inertial masswhich arises because the object is subjectable to a force. Such objects may be called bi-mass. 2. Objects that only possess gravitational mass by virtue of the existence of the objects themselves. Such objects are unsubjectable to any force (apart from the association of gravitational force due to their gravitational mass) and therefore no inertial mass arises in them. Such objects may be called uni-mass.
It is conceivable that the Universe may contain both bi-mass and uni-mass objects. The implication of that would be that bi-mass objects would be directly detectable because of its inertial mass, as well as being gravitationally detectable because of its gravitational mass -such objects would be 'visible'; while uni-mass objects would not be directly detectable because of the unarising of inertial mass, but only gravitationally detectable because of its gravitational mass -such objects would be 'invisible'. It is proposed such invisible uni-mass objects are the dark matter in the Universe.
Since uni-mass objects would be unassociated with the universal inertial force, therefore such objects would be unassociated with universal inertial energy, i.e., dark energy, and since
, such objects would be unsubjectable to negative pressure either. Conversely, such objects should not be able to exert positive pressure either.
The acoustic oscillations peaks profile in the power spectrum of the CMBR implies the inability of dark matter to exert pressure [14] . Collisionless dark matter in colliding celestial systems [15] also seem to imply pressureless dark matter.
Predictions
1. Unassociation of dark matter with universal inertial force would cause the mass density of universal inertial energy to be lower than it would have been if all matter (visible + dark) in the universe were associated with universal inertial force.
Since the universe changed over from decelerating to accelerating expansion when 
Remark
While dark matter is proposed to be unassociated with the antigravitational universal inertial force, its Hubble flow in an acceleratingly expanding universe would of course occur due to its gravitational mass embedding in expanding spacetime, and gravitational clumping with visible matter.
Modes of inertial mass
Inertia is defined as the resistance of an object to change its state of rest or uniform motion by a force. It is not specified, however, whether the application of the force needs to be provisional or persistent -acceleration of the object occurs either way. If we were to insist on more specificity, however, we may distinguish between whether the application of the force is provisional or persistent. If acceleration were to occur due to persistent application of force, then the applied force can no longer be local; we then would have to consider the inertial mass of the object as arising out of the action of a persistent/universal force, and may distinguish the object as persistent/universal inertial mass object. When the object is situated three dimensionally, the universal force may be identified with the universal inertial force proposed heretofore (cf. p. 4), which is cast as dark energy.
Universal inertial mass objects can of course be acted upon by a local, provisional material force, such as in collision and scattering of objects, which causes inertial mass of the objects to arise locally -we may call it local inertial mass. The magnitude of universal inertial mass and local inertial mass of an object would of course be the same. Now since universal inertial mass objects may also be described as persistent inertial mass objects due to the persistent action of a universal spacetime force, to distinguish locally arisen inertial mass of universal inertial mass objects due to the provisional action of a local material force, such as in collision and scattering of objects, universal inertial mass objects in such circumstances may be additionally described as provisional inertial mass objects. The magnitude of persistent inertial mass and provisional inertial mass of an object would of course be the same.
The definition of inertia also does not deal with how to consider the inertial mass of objects which are not subjected to a force -even as such objects would of course possess and manifest gravitational mass and therefore emanate and experience gravitational force. The inertial mass of such objects may be considered to be in a potential state. However, if the uniqueness of freefall -which exists because of the equivalence of gravitational and inertial mass of an object -of potential inertial mass objects is to be preserved, the potential inertial mass of such objects must exert its influence in freefall. Potential inertial mass objects may be identified with uni-mass objects proposed heretofore (cf. p. 9), which are cast as dark matter. Potential inertial mass objects may be also seen as localized inertial mass objects, in that the inertial mass would be locally or universally unreferencable.
Remark
Thus all three possible modes of inertial mass -persistent/universal, provisional/local and potential/localized -are embodied in the above propositions.
